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Introduction
The selection of a working electrode to be used in voltammetric techniques is important for its employ in different fields (analytical chemistry, biochemistry, pharmacology, medicine). Effective electrodes are the key to successful development of a system. The working electrodes should have a low ohmic resistance and be resistant to chemical and biological fouling. Thus, they should exhibit favorable electrochemical behavior with the analyte, reproducible electron transfer, a defined potential window, ease of reproduction of the electrode surface, high mechanic resistance, and low cost [1] . Taking into account these properties is important to choose the right material to enable the development of electrodes with desired geometries and fast surface renewal after a measurement. Generally the materials used for working electrodes include platinum [2] , gold [3] , mercury, glassy carbon [4, 5] and semiconductors. Nowadays different materials are used for preparing modified electrodes and electrodes composites (carbon nanotubes [6] , ionic liquids [7] , titanate nanotubes [8] , chitosan [9] , bismuth [6] , nanoparticles [10] , graphite [11] and conducting polymers [12, 13] ). There are several works in the literature which employ composite materials for development of electrical devices such as electrodes [14] [15] [16] . Composite electrodes can be defined as a material consisting of at least one conductor phase mixed with at least one Page 3 of 24 A c c e p t e d M a n u s c r i p t 3 insulator phase, with different complementary properties (chemical, mechanical and physical). The advantages of these electrodes include its versatility to obtain different sizes, shapes and configurations, shows a higher signal to noise ratio to the corresponding pure conductive electrode, etc. [1] .
The design of this type of electrodes using new materials that are economical, easy to prepare and does not require surface treatment, would contribute to the electroanalytical methods, replacing conventional electrodes. Within these materials, tellurite oxide glass containing transition metals show interesting electrical transport properties. In the literature have been reported several studies of glassy systems prepared by tellurite oxide with different modifiers oxides, as V 2 O 5 , MoO 3 , CuO, etc., which alter the network structure and involve particular properties as their electrical behavior [17] [18] [19] . Although, tellurite oxide glasses modified by vanadium oxide showed semiconductor properties, exhibits a somewhat high resistance at room temperature to be used as working electrode in electroanalytical techniques. The addition of a conductor phase will improve the conductive properties. This paper shows a quick, easy and low cost method to synthesize composite electrodes employing instruments generally available in routine laboratories. For this purposed a glass system of tellurite oxide (as network former), vanadium oxide (as network modifier) and micrometric granular graphite in order to enhance conductivity, was designed and studied to be used in voltammetric techniques.
These composite electrodes does not require surface activation such as polishing on with some types of abrasive containing pads and sonication to remove remains of polishing material. Thus, "electrodes ready to use" were synthesized.
Experimental

Reagents
All reagents were of analytical grade: tellurite oxide (99.999% Sigma-Aldrich), vanadium oxide (99.9% Cerac), potassium hexacyanoferrate (II) trihydrate (Sigma-
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A c c e p t e d M a n u s c r i p t 4 Aldrich), potassium chloride (Merck), ascorbic acid (Sigma) and 0.050 M phosphate buffer pH 7.40. Commercial micrometric granular graphite was employed. To prepare the solutions, ultrapure water (18 MΩ cm −1 ) supplied by a Milli-Q system was used.
Instrumentation
The X-Ray diffraction was performed with PW1710 BASED in continuous scan mode with a copper anode and 45 KV-30 mA for the tension and electrical current generator respectively. The samples were exposed to the Cu Kα radiation (λ = 1.54 Å) at room temperature in the 2θ range: 3º-60º.
In order to determine the glassy system composition X-ray fluorescence A three-electrode configuration consisting of new working electrode (NWE), Ag/AgCl (3M NaCl) and a platinum foil as working, reference and counter electrodes respectively were used.
Synthesis of glassy system
Page 5 of 24 A c c e p t e d M a n u s c r i p t 5 In order to synthesize glassy systems prepared by tellurite oxide, vanadium oxide and micrometric granular graphite, the "quenching melting technique" was employed. The system developed is according to the following formulation:
, (x=0, 1, 2, 3, 4, 6 and 8%) [17, 18] . For this proposed an appropriate amounts of tellurite and vanadium oxides and different percentages of micrometric granular graphite were mixed in an open porcelain crucible. The mix was melted at 850°C in an electric furnace during 45 minutes and homogenized every 15 minutes. A portion of the melt was poured in small portions into a preheated aluminum plate and allowed to cool to room temperature. The formed drops were used for morphological studies. For this proposed these drops were pulverized in agate mortar for X-ray diffraction, X-ray fluorescence spectrometry and optical microscopy studies.
On the other hand, the tips of platinum wires were introduced in the different systems, so as to obtain homogeneous small drops and allowed to cool to room temperature. Thereby new working electrodes (NWE) were obtained to be used in electrochemical analysis: NWE0, NWE1, NWE2, NWE3, NWE4, NWE6 and NWE8 corresponding to a micrometric granular graphite content of 0, 1, 2, 3, 4, 6 and 8% respectively. Thereby, it is possible to obtain electrodes quickly, easily and "ready to use".
Results Discussion
Granular graphite characterization
In order to obtain graphite particle size, measurements by Laser Scattering Particle Size Distribution Analyzer LA-950 was conducted. The average particle size obtained was 36.7 microns. The amorphous character of the resulting solid glassy system was tested by X-ray diffraction. Figure 1 shows X-ray diffraction patterns for glassy system with and without added graphite particles. The absence of sharp and intense peaks, characteristic of crystalline materials, indicates that crystallization did not occur.
Glassy system characterization
Morphological analysis
This confirms that the synthesized material is a glass material and that the incorporation of graphite does not modify the state of the material. In this figure, the peak characteristic of graphite are not observed due the sensitivity of the technique is not appropriate to solve the low percentage of this phase. where Ea is the activation energy of the conductivity, σ 0 is the preexponential factor and KT have the usual meaning.
Nyquist plots of the developed systems at different temperatures were carry out. A typical plot is shown in Figure 4 . The resistance data were obtained, allowing to calculate conductivity values at each temperature (σ Τ = cell geometric factor x R -1 Τ ). [20] . Glassy systems will be used as working electrodes in aqueous solutions thereby the temperature range studied was appropriate for this medium. The obtained results indicate that an increase in temperature produced a decrease in the resistance.
Figure 4
On the other hand, Figure 5 shows the isotherm of conductivity response as a function of the molar fraction of graphite, at 298 K. This figure confirms that the system with micrometric granular graphite content of 6% has the best electrical response to the application as electrode. The systems with higher graphite percentages than 8% could not be analyzed because they have low mechanical strength. It is observed that the conductivity values of the synthesized glassy system are lower than carbon electrode materials commonly used [21] . Rui et al. A c c e p t e d M a n u s c r i p t 8 10 to 100 mV s -1 . Amazingly despite the low conductivity of these materials, they have a good response to this redox couple. Table 1 shows E pa , E pc , ∆E, J pa , J pc values at 10, 25, 50 and 100 mV s -1 , employing NWE4, NWE6 and NWE8 electrodes. It can be observe that anodic and catodic peak potential vs. Ag/AgCl-RE, vary with scan rate. Note that an increase in the percentage of graphite generate a decrease in ∆E at the same scan rate, indicating that the most reversible and the fastest electron transfer electrochemical reaction occurs at NWE8 electrode. Besides, the three electrodes anodic peak currents increase with increasing scan rate and the I pa is proportional to the square root of ν, indicating that the redox process of the potassium hexacyanoferrate is diffusion controlled.
For example for NWE6, the regression equation is I pa = 0.061 ν ½ -0.015 (R 2 =0.999). Furthermore, the peak current ratio of anodic to cathodic peak (I pa /I pc )
remains almost one for all tested scan rates. Table 1 Figure 6 shows a cyclic voltammograms (Current density vs Potential vs. Ag/AgCl-RE) using NWE4, NWE6 and NWE8 electrodes recorded between -0.20 and +0.80 V vs. Ag/AgCl-RE at different scan rates (10, 25, 50 and 100 mV s -1 ). The anodic and cathodic peak potentials and the peak potential difference (∆E) were calculated from the cyclic voltammograms. As can be seen in the studied systems a higher scan rates the peak potential difference increases. Furthermore, when the percentage of graphite in each system is increased the voltagramms are more defined and anodic and cathodic potential peaks are closer at a given scan rate.
The peak-to-peak separation is directly correlated to the electron transfer kinetic, these findings indicate that the most reversible and the fastest electron transfer electrochemical reaction occurs at NWE8 electrode.
Analyzing the performance of the electrodes NWE0, NWE1, NWE2 and NWE3, the anodic/cathodic peak currents (I pa , I pc ) of the potassium ferro/ferricyanide redox couple were not observed, probably due to the low content of graphite particles which are the responsible for conduction properties. Table 2 shows electrochemical parameters at different scan rates, of commercial electrodes (highly oriented pyrolytic graphite and glassy carbon) using potassium ferro/ferricyanide redox couple. As can be seen the current density values of NWE electrodes ( Table 1 ) are comparable with those of commercial electrodes. The peak-to-peak separations in NWE electrodes are larger than commercials electrodes due a lower kinetics of the electron transfer process. The sluggish charge transfer is demonstrated with the resistive appearance of the voltammetric profiles ( Figure 6 ). Table 2 On the other hand the cyclic voltammetry behavior of ascorbic acid system was carried out. Acid ascorbic solution in phosphate buffer pH 7.40 as supporting electrolyte was analyzed with NWE4, NWE6 and NWE8. This study was performed at different scan rates from 10 to 100 mV s -1 . Table 3 shows the electrochemical study of the proposed and commercial electrodes (highly oriented pyrolytic graphite and glassy carbon). In all cases, the oxidation peak current (I pa ) of ascorbic acid increased with increase in scan rate. In the NWE electrodes, the linear relationship between I pa and ν ½ demonstrates that the electrochemical oxidation of ascorbic acid are diffusion-controlled process. The regression equation is I pa = 3.37 ν ½ -0.34 (R 2 =0.996) for NWE6. Comparing NWE and commercial electrodes, anodic peak potential vs. Ag/AgCl-RE, show a similar behavior with increasing scan rate. Note that the current density values and E pa of NWE are comparable with those of commercial electrodes. Figure 7 shows the cyclic voltammograms employing NWE6 at different scan rates. A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t 
